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A SHORT 1.9:1 STRAIGHT-WALL ANNULAR DIFFUSER
WITHE A WHIRLING INLET FLOW

By Charles C. Wood and Jemesg T. Higginbothem
SUMMARY

An investigatlion was conducted in a duct system having fully
developed pipe flow to determine the effects of vortex generators on
the performence of & diffuser having a whirling inlet flow. The annular
diffuser had a constant Zl-inch outer diameter, an over-all equivslent
.conical expansion angle of 15° s and 2 1.9:1 area ratio. Tests of the
diffuser having mean inlet whirl angles of O 15.2%, and 20.6° were
mede. The vortex generators used in this investigation were recten-
gular, noncembered alrfoills, which were varied in chord, span, angle
setting, number, and location.

Without vortex generators, the diffuser separated approximately
S inches downstream of the cylinder-cone junction except for the 20.6°
Inlet whirl angle for which no separation was observed. An arrangement
consisting of vortex generators on both the diffuser inner and outer
walls and representing the best compromise arrangement for a1l inlet
whirl engles tested elimineted separation and resulted in improvements
in static-pressure coefficient sbove that noted for no control of 11,
20, and 23 percent, respectively, for the 0° 15.2°, and 20.6° whirl

angles.

INTRODUCTION

Regearch to determine an efficient combination of turbojet and
efterburner indicates that improvements in the diffusion of gases from
the turbine to the afterburner sare necessary to realize more fully the
potential of the power plant. The internal geometry of the system and
space limitations lead to comsideration of the short annular diffuser,
of which the annular diffuser of constant outer-wall dismeter is typical.

Some date on the performance of annular diffusers of constant outer-
wall diameter are available. Tests of an annular diffuser with vortex
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genergtors having an axial inflow and a thick inlet boundary layer are
reported in reference 1. Other tests of annular diffusers having o° and
finite inlet whirl angles are reported, respectively, in references 2
and 3.

Reference 1 indicetes that flow separation from the inner wall of
the diffuser tested seriocusly impeired the performance from the stand-
point of statlic-pressure lincrease, total-pressure loss, and steblility
of operation. It has also been shown in reference 1 that the serious-
ness of these problems can be greatly reduced for axisl inlet flow by
delaying or eliminating separation and thet this effect can be accom- .
plished by the vortex-generator principle. It 1s of immediate interest
to determine the influence of a whirling inlet flow, which is known to
exlst behind conventional turbines, on the performance of a diffuser
with various vortex-generator arrangements. TIn the search for efficlent
control at ail inlet whirl angles, two methods of control, "that of the
vortex-generator principle and that of conversion of rotational energy
to statlc pressure by straightening the flow, are investigated and
reported herein.

The investigation was made by using an available representative
annular diffuser having a constant outer-wall diameter. NACA 0012 air-
folls, which were used as stralghtening vanes and as vortex generators,
were varled in chord, spen, spaclng, angle setting, and location. The
investigation was conducted with fully developed pipe flow and with
angles of whirl up to approximately 21° at the diffuser inlet. The mean
inlet Mach mumber was varied from approximately 0.15 to 0.40, the
resulting maximum Reynolds mmber beilng approximately 1.28 x 106 when
based on the inlet hydraulic diameter.

SYMBOLS
p atatic pressure
H total pressure
X whirl angle measured with respect to diffuser center line, deg
p density
H coefficient of viscosity
u local velocity
U maximum velocity acrosse an annular section
¥ perpendicular distance from either the diffuser inner or

outer walls, in.

_ —
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r radius of duct, in.
ra
f puprdr
T1
b¥) weighted static pressure,
T2
f purdr
r1
rz
- r
B welghted total pressure, -
ra
f purdr
T
% impact presgure, H - D
ra2
puXrdr
— r
X weighted whirl angle, 1 _ , deg
T2
f purdr
ry
- 1 t
Dy nydraulic diemeter, 0.541 or 4 cross-sectional ares of duc
Perimeter of duct
p3ViD
Ry Reynoclds number, o
i
Ap i De - Dy
p— static-pressure coefficient, —
Qei et
ég— diffuser loss coefficient, i_- Te
i Qe
ta) boundary-layer thickness

-
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&
&% boundary-layer dlsplacement thickness, ]F (l - %)dy
0
&
e boundary-layer momentum thickness, f %(1 - %)dy
o
5* T T o T
N boundary-layer shape parsmeter
Subscripts:
i . . diffuser inlet station
e diffuser exit station
a axial component
1 reference to diffuser inner wall B B
2 reference to diffuser outer wall.

APPARATUS AND PROCEDURE

Test equipment.- A schematic drawing of the experimental setup is
shown in figure 1. A more detalled drawing of the immediate area of
the diffuser is shown in figure 2.

The setup consisted of an annular diffuser of constant outer diame-
ter preceded by & section of annuler. ducting approximately 27 feet long.
The diffuser had an outer diameter of 21 inches, an area ratic of 1.9
to 1, and an over-all equivalent conlcal asngle of expansion of 15°. The

upstream annular ducting hed a constant inner dismeter of lh% inches and

an outer diameter verylng between 21 and 25 inches. The Juncture between
the inner cylinder and the cone of the diffuser was faired to a 16-inch
radius. Ailr entered the test apparatus through a2 c¢ylindrical settling
screen which was covered with open-mesh cloth. From this chamber alr
flowed through an inlet bell, through the stator, and through 27 feet

of ammular ducting to the diffuser inlet. The guantity of air passing
through the experimental setup was controlled by a veriable-speed
exhauster comnected far downstream of the diffuser exit.

Instrumentation.- Stream total pressures, static pressures, and
whirl angles were measured by remote-controlled survey instruments at
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the diffuser inlet and diffuser exit stations (fig. 2). A drawing of
the survey instrument is shown in Figure 3. Flow surveys were made at
only one station at a time so that there were no instruments in the
stream ahead of the measuring station. These surveys were made at four
circumferential positions at each of the survey stations. Results are
based upon the average of all four circumferential positions.

Static orifices extending from upstream of the diffuser inlet sta-
tion to a point 21 inches downstream of the exit station were installed
along a single generatrix on the outer wall. Statlc orifices extending
from epproximetely the diffuser inlet station to a point T inches upstream
of the diffuser exit station were located along three equally spaced
generatrices on the inner well of the diffuser.

Small tufts which were found t0 have no influéncing effects on
diffuser performance were used to cobserve the flow in the diffuser.
These tufts were fastened along four generatrices approximately 90°
apart on both inner and outer walls of the diffuser and were viewed
through transparent windows in the outer wall of the diffuser.

Vortex generators.- The size and arrangement of the vortex gener-
ators were varied. All vortex generators were NACA 0012 airfoll sections
with chords of 1 to 3 inches and spans of % to 3% inches. The number of
vortex generators verled fram 12 to 48 units; however, most of the tests
utilized 2L units.

The angle setting of a vortex generator refers to the angle between
the center line of the vortex generator and the diffuser center line.
When the asngle between the diffuser center line and the vortex-generator
center line lies in the same quadrant as the angle between the diffuser
center line and the direction of flow, the angle setting is referred to
as positive; when the angles lie in different quadrants, the angle
setting is referred to as negative. The longitudinal position of the
vortex generators is referenced to a plane passing through the 30-percent-
chord station. Vortex generators attached to the inner wall in most
cases were located about 1 inch upstream of the cylinder-cone Junction.
This location is approximately 5 Inches upstreem of the line of separa-
tion of this diffuser when having an axisl inlet flow. Tests were con-
ducted with vortex generators located simultaneously at the above station
and at another station immediately downstream. Tests were also conducted
with vortex generators located on the outer wall 2 inches upstream of
the cylinder-cone Junction. Unless otherwise specified, however, the
vortex generators were mounted on the inner wall 1 Inch upstream of the
cylinder-cone Junction. A complete 1list of all vortex-generator srrange-
ments tested is given in table I.
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Basis of comparison of the effectiveness of vortex generstors.-
The fluctuating flow often observed at-the exit of wide-angle diffusers
was not observed in this investigation. Within the limits of frequency
response of the measuring instrument the flow can be consgidered stable;
therefore, measurements were made at the diffuser exit rather than in
the tail pipe.

The effectiveness of each vortex-generator configuration on the
performance of the annular diffuser has been compared on the basis of

the static-pressure coefficient 351351: of loss coefficient Ziqﬁhi,
P - D1
i

, total pressure

and whirl angle ¥X. Lorgitudinal distribution of static pressure

2
P - Dy
dei
, and flow angle X eare presented for some configurations.

and raedial distributions of siatlc pressure
H -H
oy

THEORY

The principle by which the vortex generator acts to achieve more
efficient diffusion is generally known and constitutes control of flow
separation by a process of reenergizing the low-energy regions of the
boundary layer with higher energy air.

One of the basic principles of sn ideal fluid possessing a whirling
motion is the preservation of angular momentum. In order to maintain
constant angular momentum through a diffuser of the type tested, an
increase in the angle of flow is required and the unrecoverable tangential
component of kinetic energy is inereased; thus, a restriction on the rise
In static pressure is established. The whirling motlon is responsible
for other unfavoreble as well as favorable flow characteristies. For
instance, a radial pressure gradlent which assists divergence of the
flow is established by a centrifugal force, which acts upon the air to
create higher static pressures near the diffuser outer wall; a centripetal
flow of low-energy air which is conductive to boundary-layer separation
at low flow angles and retards separation at large whirl angle is also
established. This phenomenon has been discussed in detail in reference 3.

Increases in the static-pressure coefficient can be realized by
conversion of the energy of rotation in the diffuser to static-pressure
energy by efficient straightening of the flow. As an example, diffusion
of an ideal fluid with an inlet whirl angle of 20.6° in a 1.9:1 area
ratio diffuser would reaslize a static-pressure coefficient of 0.67. A
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pressure coefficient of 0.76 would be realized by conversion of all
the kinetic energy in the diffuser.

RESULTS AND DISCUSSION

Before the performance of a diffuser can be evaluasted, the nature
of the flow entering the diffuser must be known. 'Eccordingly, pressure
surveys were mede at four equally spaced circumferential stetions at
the diffuser inlet for flows having inlet whirl angles of 0%, 15.2°,
and 20.6°, at Mach numbers from spproximately 0.15 to O.k. Average
total pressures, static pressures, and inlet whirl angles from the four
rakes are presented in figure 4 for an inlet pressure ratio of approxi-
mately 0.95. The inlet veloeity profiles and the associated boundary-
lsyer properties cobserved for O° inlet whirl angle are presented in
figure 5.

20.6° Inlet Whirl Angle

The loss coefficient Zayﬁéi, static-pressure coefficient Ziyﬁéi,

exit whirl angle Yé, longitudinal static pressures, and radial distri-

butione of total pressure, static pressure, and exlt whirl angle are
presented in figures 6 to 16 for the diffuser with and without vortex
generators. The two coefficients, in most cases, are presented as a

function of the axial inlet pressure ratio 5ilﬁia'

The flow slong both walls for the diffuser without vortex generators,
as indicated by tufts, was attached. The angle of whirl was observed to
increase through the diffuser, as expected. The small span counter-
rotating and corotating vortex-generator arrengements, in general,
reduced or eliminated the whirling motion near the inner wall. The
largest span arrangement located on the inner wall resulted in spproxi-
mately axial flow on the outer wall with separation on the inner wall;
thie condition was not observed wlth generators of other spans nor was
it observed with the same generstor on the outer wall.

A maximum static-pressure coefficient and minimum loss coefflcilent
of 0.49 and 0.07, respectively, were cbserved for the diffuser without
vortex generators (fig. 6). The whirl angle increased through the dif-
fUSerofrom a mean inlet whirl engle of 20. 6° to a mean exit whirl angle
of 43°.

The optimum vortex-generator arrangement tested for the diffuser of
reference 1 (24 3-inch-chorgd, %_-inch-span generators, counterrotating,
angle setting i15°) has been tested and the results are presented in
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figure 7. Also presented are results for the same srrangement at
different angle settings, and for an arrangement consisting of smell-
span generators near the inlet with large-span generators 9 inches
downstream. (See arrangement 4, table I.) The arrangements with small
span.results in no increase in pregsiure coefficlent, except at low speeds,
and in increases in loss coefficient. Arrangement L4 results in 5-percent
increase in pressure coefficient, l13-percent increase in loss coefficient,
and 19-percent reduction in exit whirl angle. All other tests, except-
when using separate vortex generators simultanecusly for straightening
the flow and for controlling separation, were conducted with the vortex
generstors set for corotation. The vortex-generstor chord, span, mmber
of generators, and angle setting were varied, respectively, from 1 to

3 inches, %-to 3éfzﬁé£és, 12 to 48, and 6° to -15°. The location was

also varied.

Vortex-generator span.- Incressing the vortex-generator span (fig. 8)
increases the pressure and loss coefficients and decreamses the exit whirl

angle. The IJ%--inch-span generator arrangement is possibly the better
1

because the pressure coefficient almost equals that of the 3%-—inch—5pan
generator srrangement and the loss coefficient is mich less.

The increase in the pressure coefficient with increasing span can
be associlated with greater conversion of the kinetic energy of rotation
to static pressure, as would be expected by theory. The increase in
loss coefficient with increase in span is not surprising since the
vortex generstors are at large angles of attack.

Vortex-generator angle setting and span.- The effect of vortex-
generator angle setting on the static-pressure coefficient, loss coeffi-
cient, and whirl angle for several voritex-generstor spans are presented
in figure 9. The highest static-pressure coefficient (0.55) was observed

with the 3%~-inch-span generator at O° angle setting. This value repre-

sents an increase of 18 percent over that for the diffuser with no gener-
ators; however, this increase occurs at the expense of an increase in
loss coefficient of approximately 100 percent. The corresponding whirl
angle has been reduced from 43° to 3.5°.

The orientation and trend of the curves on this figure, except the
loss=-coefficient curve for the arrangement with 3% -inch-spen generators,

are, in generasl, as would have been expected.

The effect of span and angle setting of the vortex genersators on
the radial distribution of-exit total and static pressure and whirl

<
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angle are of considersble interest and are presented in figure 10. Alsoc
included on this figure are the inlet date, exit dats for the diffuser
without vortex generators, and exit date for the diffuser with counter-
rotating vortex-generator arrangements. The favorable distribution of
total and static pressure and whirl angle observed near the ocuter wall
as well as the unfavorsble distribution observed near the inner wall
for the diffuser without vortex generetors are theoretieslly predictable
and have been previously shown in the experimental investigation of
reference 3. 1In general, it appesrs that the total-pressure distribu-
tion near the inner well, as well as across the entire diffuser, is
more favoreble when the vortex-generstor srrangement hes an angle
setting which gives whirl smgles nesr O° on the immer wall. This
condition 1s true also for the statlc pressure.

The longitudinal static pressures on both the diffuser Ilnner and
outer walls for the diffuser with and without vortex genersators are
shown in figure 11. On the inner wall the static pressures at the
diffuser exit were obtained fram the static tube on one of the survey
probes. Immediately downstream of the diffuser Iinlet on the diffuser
inner wall, a local acceleration (indicated by a decrease in static
pressure) of flow was noted and can be attributed to sharp curvature
of the immer wall. -The statlic pressure on the inner wall for the 4if-
fuser without generators and with the counterrotating arrangements
reaches & meximum spproximately 14 inches downstream of the inlet sta-
tion, but decreases rapidly from this location to the diffuser exlt.
This decrease results from loss of total pressure along the inner wall
by centripetal flow of low-energy alr and increased whirl motion as
expected. The conversion of energy is practically complete at the exit
station, as hag been previously shown in reference 3.

Vortex-generator chord.- The effect of vortex-generator chord on
the static-pressure coefficient, losas coefficient, and exit whirl angle
is shown in figure 12 as a functlon of inlet pressure retlio and the
radial distribution of total pressure, static pressure, and whirl angle
is shown 1n figure 13. These tests indicate no significant effect on
the mean total and static pressures. Increasing vartex-generstor chord
results progressively in reductlons in the radisl variastions of total
and static pressures. The 2~ and 3-inch-chord generators overturn the
flow near the diffuser center and result in larger radisl variastion of
whirl angle than noted for the l-inch-chord arrangement and for no
control. ’

Vortex-genersetor number.- The performence coefficlients and exit
whirl angle, shown in figure 14, and the exit radial distributlon of
total pressure, statle pressure, and whirl angle, shown in figure 15,
indicate the arrangement with 12 generators to be the most é&fficient.
This arrangement has the lowest loss coefficient, as expected, maximm
pressure coefficient, and less radial variation of the exit total pres-
sure, statlc pressure, and whirl angle.
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A multiple vortex-generator srrangement.= A single arrangement
{arrangement 23, table I) with large-span generators for conversion of
all rotational energy and small-span generators for controlling separa-
tion, both conditions being necessary for meximum pressure coefficlent,
was tested. Separation from the inner wall was cobserved; thus practicelly
no change in the loss coefficlent and pressure coefficient from that
observed for the large-span arrangement by itself occurred. The failure
to eliminate or delsy separation was possibly because the small gener-
ators were -located near the point of separation. Model difficulties
prevented continuation of this particular phase of the investigation.

Vortex generators on the outer wall.- Two arrangements with vortex
generators on the outer wall were tested (arrangements 24 and 25, table I).
A photcgraph of the model with arrangement 25, taken through the trans-
parent sections of the side wall, i1s shown in figure 17. No separation
was observed for either arrangement. The pressure coefficient, loss
coefficient, and exit whirl angle presented in figure 16 indicate the
regpective coefficients for the two arrangements to be essentially the
same with arrangement 25 répresenting 23-percent increase and 5-percent
decrease when compared with the respective coefficients obsgerved for
the diffuser without voritex generstors. These two arrangements combine
the favorable effects of eliminating flow separation and the conversion
of rotational energy and have therefore proven to be the most efficient
arrangements tested.

The significant Improvement in performance of the large-span arrange-
ment located on the outer wall (arrengement 24) when compared with the
seme arrengement located on the inner wall (srrangement 17) 1s attributed
to the establishment by arrangement 2% of tip vortices near the inner
wall rather than near the outer wall and the conseguent eliminstion of
separation.

15.2° Inlet Whirl Angle

The loss coefficient, static-pressure coefficient, and exit whirl
angle for sll of the configurations tested are presented as & function
of inlet pressure ratio in figure 18. The vortex-generator arrangements
tested are presented in table I.

The diffuser without vortex generators was observed to separate on
the inner wall approximatel]y 5 inches downstream of the cylinder-cone
junction. The snall-spen vortex-generator arrangements on the inner
wall elimingted separation as did all errangements on the outer wall.
The flow along the outer wall was attached and whirling at large angles
except when the generstor arrangements were located on the outer wall,
in which case the flow was spproximately axial.



NACA RM 152LOla W 11

A meximum static-pressure coefficlent and & minimum loss coeffi-
clent of 0.51 and 0.11, respectively, were observed for the diffuser
without vortex generators (fig. 18). Vortex-generstor arrangement 25
consisting of generators on both walls is unquestlonably the most effl-
clent arrangement tested from the standpoint of the pressure snd loss
coefficients. This arrangement results in an 18-percent increage in
pressure coeffilcient with & 27-percent decresse in logs coefflcient when
compared with the diffuser without gemerators. Arrangement 24 also
resulted in & substantial improvement; however, two of the arrangements

with.%-—inch span (arrangements 1 and 8) and the multiple arrangement

(arrangement i) were aspproximately as effective. The arrangements with
large-span generestors on the inper wall were of no benefit to the pres-
sure coefficient and a serious handlicap to loss coefficient. Examins-
tion of the curves for the various vortex-generator asrrangements dis-
cussed previously indicate greater improvement of pressure coefficient
is realized by eliminating flow separation from the Inner wall than by
convergion of the tangential kinetic energy. This condition is not
necessarily true for all inlet whirl angles.

0° Inlet Whirl Angle
The loss coefficlient, static-pressure coefficient, and the exit
whirl eangle are presented as a function of inlet pressure ratio in
Pigure 19 for the diffuser without generators and with all generator
arrangements tested.

The diffuser without vortex generators was ohserved to separate on
the inner wall approximstely 5 inches downstream of the cylinder-cone
Junction. Each vortex-generator asrrangement tested elimineted flow
separation; however, two arrangements (arrangements 2 and 8, table I)
egtablished a large whirling motion neer the inner wall. Flow on the
outer wall wes axial, as expected.

A maximum static-pressure coefflclient and a minimm logs coeffi-
elent of 0.52 and 0.10, respectively, were observed for the diffuser
without vortex generators. All arrangements tested inecreased the pres-
sure coefficient gbove that for no control; however, vortex generator
arrangement 1, the optimum arrangement for O° inflow (ref. 1), is
unguestionably the besat configwration tested. The arrangement with
vortex generators on both walls, an arrangement obviously not designed
for 0° axial flow, indicates & decrease in pressure coefficient and an
increase in loss coefflcient when compared with the respective coeffi-
cients of srrangement 1. The difference in coefficlent for the two
arrangements results from loss attributed to skin friction of the large
generators.

-
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Effect of Inlet Whirl Angle on Diffuser Performance

The influence of the inflow (inlet whirl) angle on the static-
pressure coefficient, total-pressure coefficient, and exit whirl angle
of an anmulear diffuser with several different vortex-generator arrange-
ments is presented in figure 20; the Influence of inflow angle on the
radial distribution of the total pressure, static pressure, and whirl
angle at the diffuser exit 1s presented in figure 21. The longltudinal
static-pressure distributions for the arrangement with generators on
both walls are presented in figure 22.

Diffuser performance.- The curve for the dliffuser without generators
(fig. 20) indicates decreasing pressure coefficients with increasing
inflow angles. Insufficient—data are available for determining whether
this is & regulsr decrease or whether irregulaerities might exist at
intermediate inflow angles. The angle of inflow does obviously influence
the effectiveness of some vortex-generator arrsngements from the stand-
point of pressure and loss coefficients. As an example, arrangement 1
realized 15-, 10~, and 2-percent increase in the static-pressure coeffi-
cient, and 250-percent decrease and 0- and l2-percent increase in the
loss coefficient at respective inflow angles of 0°, 15.2°, and 20.6°
when compered with results observed for no control at the respective
inflow angles. The increase in pressure-coefficlentrealized with this
vortex-generator arrangement and other small-gpan arrangements results
from improvement in the conversion of kinetic energy to static pressure
by delaying or eliminating separation; consequently, little improvement
should be expected for diffusers encountering no separation. Other
arrangements were efficient at large inflow angles and inefficient at
small ones. o )

One vortex-generstor arrangement (arrangement 25) baving genersators
on both walls was found to. be reasonably insensitive to inflow angles
a8 large as 20.6°. No separetion, almost constant high-pressure coeffi-
cients, low-loss coefficients except for 00 inflow, and good whirl reduc-
tion were observed with this arrangement. An increase in the pressure
coefficient of approximately 23 percent above that for the diffuser
without generators to a value 75 percent of that possible for an idesl
fluid was observed for an inflow angle of 20.6°.

It should be realized that the large-span generators tested are
essentially inefficient stators. Improved performance can, nc doubt,
be accomplished by improving the stator design.

Radial distribution.- Distribution of exit static pressure, total
pressure, and whirl angle for the three inflow angles for which tests
were conducted are presented in figure 21. It appears (fig. 21) that,
ag the 1nflow angle increages, the total and static pressures near the
outer wall increase, the total and static pressures near the inner wall
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decrease, and the exit whirl angles increase. The effects of a particu-
lar vortex-generator arrangement on the dlstributions are similar for
each inflow angle tested.

Longitudinal static pressure.- A plot of the longltudinal static
pressures along both walls of the diffuser for the arrangements having
generators on both walls is presented for the three inflow angles in
figure 22. With this arrangement the inflow angle has little influence
on changes of statlc pressure occurring along the diffuser walls.

CONCLUSTIONS

The following concluslions are drawn as to the effect of vortex
genergtors on the performence of an annuler diffuser with a whirling
Inlet flow. The diffuser is of the annular gtraight-wall type having
an outer diameter of 21 inches, an area ratio 1.9 to 1, and a fully
developed pipe flow at the diffuser inlet. Results were obtained for
three inlet whirl engles, 0°, 15.2°, and 20.6°. Rectangulsr noncambered
airfolls which were used as vortex generators and as stralghtening vanes
were veried in chord, span, angle settlng, number, and location.

1. For the diffuser with no flow control, decreases in the statlc-
pressure coefflcient were noted with inecreases 1n inlet whirl angle.
Values of static pressure coefficient of 0.52, 0.50, and 0.47, respec—
tively, were obtained for the diffuser with inlet whirl angles of 0°,
15.2°, and 20.6°.

2. Separation from the diffuser inner wall was observed for mean
inlet whirl angles of O° and 15.2°. Separation was eliminated with

small-span vortex generators. One arrangement (2& 3-1inch-chord, %-—inch—

span vortex generstors set counterrotating st i15°) gave values of the
static-pressure coefficient for the 0°, 15.2%9, and 20.6° inlet whirl
engles of 0.60, 0.56, and 0.48. This value of 0.60 was the maximum
obtained in this investigation and occurred with 0O° inlet whirl angle.

3. One large-span, multiple vortex-generator arrangement (Zh 3-inch-

chord, %-—inch-span vortex generators set counterrotating at t15° and
located on the inner well and 24 3-inch-chord, 3%-inch-span vortex gener-

ators set corotating at 0° and located on the cuter wall) was found to be

reagonably insensitive to whirl angles as high as_20.6°. No separation,
almost constant high static-pressure recovery, low total pressure loss,
and good whirl reduction were observed wlth this errangement. An increase
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in static-pressure rise of approximetely 23 percent sbove that observed
for no control was realized for the highest-angle of whirl. This arrange-
ment represented the best compromise for all inlet whirl angles tested.

4. For this diffuser with an inlet whirl angle of 20.6°, straight-
ening of the flow and, consequently, conversion of the tangential
kinetic energy was necessary to realize significant increases in the
static-pressure coefflcient; for inlet whirl angles of 15.2° or less,
where separation was encountered near the diffuser inlet, a greater
improvement in the static-pressure coefficient was reaslized by control-
ling separation than by stralightening the flow.

Langley Aeronsuticel lLaboratory,
National Advisory Committee for Aeronsutics,
Iangley Field, Va.
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TABLE I.- VORTEX-GERERATOR ARRANGEMERYS TEOTED

Angle metting
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Figure 1.- Schematic diagram of experimental setup.
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Figure 2.- Schematic diagram of the diffuser tested. All dimensions
are in inches.
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Figure 3.- Schematic diasgram of a typical survey instrument.
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coefficlent, and whirl engle at the diffuser exit with Inlet pressure
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